The current guidelines for retinopathy of prematurity (ROP) detection programs in the United States include a range of birth weights (BWs) and gestational ages and likely require examinations of many premature infants who are at low risk for developing serious retinopathy.
R etinopathy of prematurity (ROP), especially in its most severe forms, is seen almost exclusively in prematurely born infants, although the incidence varies in different regions of the world. 1, 2 Overall, fewer than 10% of the infants who undergo ROP screening examinations require treatment. 3 However, most large ROP treatment studies have been limited to those infants with a birth weight (BW) of less than 1251 g who are considered at highest risk for developing severe ROP (defined as type 1 or type 2 ROP per Early Treatment for ROP [ETROP] recommendations; type 1 includes "threshold" ROP in the Cryotherapy for ROP study). 3, 4 Therefore, earlier studies have not addressed the full extent of ROP risk in infants who are undergoing ROP screening examinations. The current guidelines for ROP detection guidelines in the United States 5 recommend ROP examinations for infants with a BW of less than 1501 g or a gestational age (GA) of 30 weeks or younger, with the addition of infants with BWs up to 2000 g if a poor neonatal course indicates an examination is needed as determined by the attending neonatologist. These criteria lead to many low-yield examinations in infants who are larger and more mature at birth. We recently completed a multicenter, retrospective cohort study called the Postnatal Growth and ROP (G-ROP) Study. 6, 7 The purpose of the G-ROP Study was to evaluate whether the addition to the current BW and GA guidelines of criteria, such as the rate of postnatal weight gain, could decrease the number of infants who require examinations while maintaining high sensitivity for detecting eyes with a high likelihood of needing treatment. However, the large, broad cohort of at-risk infants in the G-ROP data set also provides a detailed medical and ophthalmological profile of infants who are undergoing ROP screening examinations, in contrast to previous large US-based studies that included only infants with BWs of less than 1251 g to maximize the detection of severe ROP while minimizing the number of infants who are enrolled. 3, 4, 8 We sought to use the G-ROP Study data set to describe the incidence, timing of onset, and early course of ROP, and we considered the association of factors, such as BW and GA, with the risk of ROP and severe ROP.
Methods
We performed a secondary analysis of the G-ROP study data. 6 In brief, the G-ROP Study was conducted at 29 hospitals in the United States and Canada. Data were collected by abstractors who underwent a rigorous certification process and followed detailed, standardized procedures for interpreting medical records. Numerous data quality safeguards were used. 6 The study included infants who were born between January 1, 2006, and December 31, 2011, and underwent routine ROP screening examinations. The need for examinations in these centers was generally based on the recommended guidelines (BW < 1501 g or GA ≤ 30 weeks and/ or at the neonatologist's request). Specific BW and GA cutoff levels were not used for the G-ROP Study to enroll a sample that was representative of infants who are undergoing examinations in these countries. To be enrolled in the study, an infant had to have a known ROP outcome, defined as meeting 1 of 2 conditions: (1) either eye met criteria for ETROP type 1 or type 2 ROP or underwent treatment for ROP or (2) both eyes had mature retinal vasculature, immature vasculature in zone III with no prior ROP, or a regression of ROP of less than type 1 or type 2 ROP. The primary outcomes of the current analysis were the risks of developing ROP and severe ROP (type 1 or 2 ROP), calculated as the number of infants who developed the outcome of interest among the infants who were examined. The overall risks and risks of infants who were stratified into subgroups by BW and GA were calculated. An additional outcome was the postmenstrual age (PMA) at onset of ROP, which was reported using descriptive statistics and analyzed by ROP stages 1, 2, and 3 and by type 1 ROP and type 2 ROP. Finally, we examined the proportion of eyes that had not developed ROP and had retinal vasculature that had grown anteriorly into zone III at each PMA week to assess the developmental ages at which retinal vascularization extended into zone III. Institutional review board approval of the study was obtained and a waiver of informed consent was obtained at all study centers for the G-ROP Study.
Results
The G-ROP Study included 7483 infants who underwent retinal examinations and had a known ROP outcome ( Table 1) . The mean (SD) BW was 1100 (363) g (minimum, 310; maximum, 3000) and mean (SD) GA was 28 (3) weeks (minimum, 22; maximum, 35). Of note, 947 infants (12.7%) had a BW of 1500 g or more and 1440 (19.2%) had a GA of older than 30 weeks. In the G-ROP population, almost half of the infants were white and more than 30% were African American. More than 5512 of 7438 infants (70%) had been born in the study hospital and just over a quarter were members of a multiple-birth gestation.
In the G-ROP cohort, most (4259 of 7483 [56.9%]) of the infants had no ROP noted in either eye. Type 1 ROP was documented in 1 or both eyes of 459 infants (6.1%), type 2 ROP in 472 (6.3%), and less severe ROP in 2293 (30.6%). Aggressive posterior ROP was documented in only 17 infants (0.2%). The clinicians caring for the children performed treatment for ROP in 514 infants (6.9%), indicating that treatment was given for less than type 1 ROP in 55 infants (10.7%).
The rates for the presence of ROP stratified by BW and GA are presented in with ROP in the highest BW strata and the highest rates of ROP among the lowest BW strata. For example, of 2551 infants with a BW of 900 g or less, ROP was noted in 2006 (78.6%), while ROP was noted in 301 (12.1%) of the 2489 infants with a BW of more than 1250 g. A similar pattern was seen across the various GA strata, with the lowest percentage of ROP in the highest GA strata and the highest among the lowest GA strata. More than 95% of those infants with a BW of 900 g or less who had GAs of 24 weeks or younger (747 of 781 [95.6%]) had ROP in 1 or both eyes, while ROP was noted in 10 of 15 infants (66.7%) with a BW of 900 g or greater in these low-GA categories. For infants with a BW of less than 1251 g, ROP was noted in 2923 infants (56.8%). In contrast, among the 529 infants who had both a BW and GA greater than the current ROP screening criteria (ie, BW ≥ 1500 g and GA > 30 weeks), only 33 infants (6.3%) developed ROP.
The rates of severe ROP stratified by BW and GA are presented in Table 2 . The overall rate of type 1 or 2 ROP was 12% (931 of 7483) in the G-ROP cohort. As with the rate of any ROP, the incidence of severe ROP varied considerably; the highest percentages of infants with severe ROP were in the lowest BW and GA strata. Among 6043 infants with a GA of 30 weeks or younger, 925 (15.3%) developed severe ROP, while severe ROP was noted in only 6 of 1440 infants (0.4%) with a GA older than 30 weeks. Among those infants born at 24 weeks or younger, almost half (393 of 797 [49.5%]) developed severe ROP. Among those infants with a BW of more than 1501 g and a GA of older than 30 weeks, severe ROP developed in 4 (0.75%).
The ROP diagnoses and PMA at diagnosis of the 459 infants who developed type 1 ROP are presented in Table 3 . Most (314 of 459 [68.4%]) of these infants developed stage 3 ROP in zone II with plus disease at a mean (SD) PMA of 37 (2.6) weeks, while those with type 1 ROP in zone I underwent ROP treatment in 1 or both eyes on average a week or so earlier. Forty-one infants with stage 2 ROP in zone II with plus were also treated at a mean (SD) PMA of 37 (2.4) weeks. Only 19 infants (4.1%) with type 1 ROP were not designated as having plus disease. Figure 1 displays the cumulative proportion in 4 BW groups of eyes without ROP and with retinal vasculature that extended anteriorly into zone III across each PMA week. Based on the clinical examinations of the ophthalmologists at the 29 G-ROP hospitals, fewer than 10% of eyes were vascularized into zone III before 34 weeks PMA and half (49.4%) were vascularized into zone III by 37 weeks PMA.
The mean PMA at first observation of stage 1 ROP to stage 2 ROP and subsequently to stage 3 ROP was sequential (eFigure in the Supplement). Stage 1 ROP was first diagnosed at a mean (SD) PMA of 34.8 (2.9) weeks, stage 2 ROP at a mean (SD) PMA of 35.5 (2.7) weeks, and stage 3 ROP at a mean (SD) PMA of 36.4 (2.6) weeks.
The PMAs at diagnosis of type 2 ROP and type 1 ROP are presented for the cohort overall ( Figure 2A ) and by 4 BW groups for type 2 ROP ( Figure 2B ) and type 1 ROP ( Figure 2C ). Overall, the mean (SD) PMA at first diagnosis of type 2 ROP was 36.6 (3.2) weeks, and the mean (SD) PMA of diagnosis of type 1 ROP was 36.4 (SD) weeks, with similar ranges noted in type 2 and type 1 ROP despite BW group. 
Discussion
This retrospective cohort analysis provides an informative overview of the incidence of ROP in at-risk premature infants in North America by including infants across the range of BW and GA that fall under the currently recommended screening levels, as well as larger or older infants who were examined because of concern on the part of neonatologists. We found that most ROP and almost all severe ROP, as currently defined, occurred in the less mature, lower-BW infants. Retinopathy of prematurity was noted in only 79 of 947 infants (8%) with a BW of 1501 g or more and in only 109 of 1440 infants (20%) with a GA of older than 30 weeks. Only 6 of 947 infants (1%) with a BW of 1501 g or more and 6 of 1440 (0.4%) with a GA of older than 30 weeks developed severe ROP in 1 or both eyes. In addition, 4 of 529 infants (0.75%) with both a BW of 1501 g or more and a GA of older than 30 weeks developed severe ROP. This article provides detailed and broadly representative data presented on infants who underwent ROP examinations in the United States and Canada during January 2006 to December 2011. With the wide BW and GA range included for infants in this study, the population at risk for severe ROP can be more clearly targeted among infants who meet the current criteria for examinations than was previously possible using data from clinical trials and studies that specifically targeted higher-risk infants. Based on these findings, the current ROP screening guidelines, which rely primarily on BW and GA, could be reexamined with an aim to more accurately identify those few infants among the higher BW or more mature GA categories who develop severe ROP by using other demographic or postnatal indicators of greater risk. Examining such factors as the rate of weight gain in early infancy, sep- and Telemedicine System for the Evaluation of Acute-Phase ROP (e-ROP; 2011-2013), 11 aimed to detect severe disease in a select group of infants who were at high risk for severe ROP (ie, infants with BW<1251 g). When comparing the subgroup of infants less than 1251 g in the G-ROP Study with the cohorts of these previous studies, there does not appear to be a higher rate of ROP, although the mean (SD) BW of infants across these studies has gradually decreased from 954 (185) g in CRYO-ROP to 907 (205) g in ETROP, and then to 893 (210) g in G-ROP and 864 (212) g in e-ROP, in which the study periods partially overlapped. Similarly, the proportion of infants in these studies with a BW of less than 750 g has increased from 15.8% in CRYO-ROP to 24.9% in ETROP, and to 28.0% in G-ROP and 33.4% in e-ROP. In each of these studies, the overall incidence of ROP was approximately 65%, although we included several infants in the smallest BW categories of less than 500 g and less than 750 g, likely because of the increased survival of such infants since the time of the CRYO-ROP study. The relatively stable incidence of ROP in these studies in the presence of decreasing birth weights over the decades spanning the study periods likely indicates improved obstetrical and neonatal care, particularly in the neonatal intensive care unit, with better management and monitoring of supplemental oxygen use, as well as improved nutritional and supportive care.
Strengths and Limitations
Among the strengths of this study are the large sample of infants from a geographically and demographically diverse range of institutions in North America and the rigorous data abstraction, reporting, and quality-check procedures used in this multicenter study. 6 However, there are also limitations to consider. The medical and ophthalmological data were collected retrospectively, and the procedures for determining important measures, such as BW, GA, and ROP staging, were not standardized across the centers.
Retinal photography was not used to confirm ROP zone or the presence of plus disease, the judgment of which can vary among examiners. 12, 13 However, the data do represent the standard practices for such clinical measures during the study period, and the ophthalmologists who performed the retinal examinations were all fellowship-trained pediatric or retinal ophthalmologists using standardized International Classification of ROP terminology for the staging of ROP. Therefore, we do not believe using retrospective data introduced substantive bias into the analysis, the purpose of which was to gain insight into the incidence and time course of ROP as reflected in current clinical practice. The scheduling of follow-up retinal examinations was based on the clinical decisions of the attending ophthalmologists at the various participating centers and could influence the timing of diagnosis of the stages and types of ROP. Again, these decisions reflect current practices, and the large number of hospitals in the study helps to overcome any effects of variability in scheduling practices; therefore, we do not think the onset data are significantly biased.
In fact, these data may actually increase the generalizability of the findings. The study period for the G-ROP Study was from January 2006 to December 2011. More recent changes in neonatal care practices, such as those that may have arisen following the publication of results of the large oxygen saturation target range studies [14] [15] [16] [17] [18] [19] and that may result in changes in the profiles of infants who develop ROP, would not be reflected in the current study. Finally, for similar reasons, the study results are not necessarily generalizable to other regions of the world, where differences in neonatal care influence the risk of ROP.
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Conclusions
This analysis from the G-ROP Study provides data on the overall ROP status of infants who undergo ROP examinations in neonatal intensive care units in the United States and Canada, providing further information for ophthalmologists who perform examinations with regard to the timing of ROP, including the typical developmental ages at which each ROP stage and severe ROP develop and the time course of normal retinal vascularization into zone III in premature infants who do not develop ROP. The stratified results offer ROP risk profiles across GA and BW groups, which are informative for neonatologists, ophthalmologists, and care coordinators who are responsible for ensuring timely follow-up of ROP examinations so that a disease that may benefit from prompt treatment is not missed. Moreover, the low-risk profile of larger BW and older GA infants who are undergoing ROP examinations supports further efforts to improve the specificity of risk assessment for these infants and ultimately consider the reevaluation of the current criteria for indicating the need for an ROP examination at centers in North America. The Multicenter Trial of Cryotherapy for Retinopathy of Prematurity (CRYO-ROP) was a pioneering study that not only proved that ablative therapy could prevent the late and blinding cicatricial stages of ROP, but also elucidated its natural history. 1 As the first study of its kind to apply the newly defined International Classification for ROP to gather data prospectively from serial eye examinations undertaken on 4099 infants at high risk for ROP, the study provided the medical community's initial understanding of the incidence and early course of ROP. The insights from CRYO-ROP included the following: (1) birth weight (BW) and postmenstrual age are independent and significant predictors of ROP, (2) the severity of ROP is inversely correlated with postmenstrual age and BW, (3) the timing of ROP events are best predicted by postmenstrual rather than chronological age (although severe ROP occurs more frequently in smaller and more immature infants, it takes longer to develop) and (4) the rate of treatment requiring (threshold) ROP in a sample of infants with BWs less than 1251 g was about 6%.
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